Abstract -This paper investigates computer-aided optimization of dddc converters, with a focus on converters for dual-voltage automotive electrical systems. A new CAD optimization approach based on Monte Carlo search methods is introduced which allows the design space to be rapidly explored in an automated fashion and the most optimal designs and design approaches to be identified. The optimization approach also allows the effects of variations in design specifications on the cost, weight, and volume of an optimized converter to be readily determined.
I. INTRODUCTION
The electrical load in automobiles has been growing rapidly for many years, and is starting to exceed the practical capacity of present-day electrical systems. To address this challenge, it is widely agreed that a dualvoltage system is the next evolutionary step for automotive electrical systems. High-power loads will be moved to a new high-voltage bus, while incandescent lighting, electronics, and other loads that benefit from a lower voltage will remain on the currently-used low-voltage bus [l-31.
One widely-considered method for implementing a dual-voltage electrical system is illustrated in Fig, 1 These advantages make the dc/dc converter-based system the most desirable of available options from a performance standpoint.
The major practical drawback to the dddc converterbased architecture is the relatively high cost of the dc/dc converter, and to a lesser extent its size and weight. This fact, along with the high production volumes associated with automotive components, motivate the optimization of converters for this application. Nevertheless, the task of truly optimizing such a converter is extremely challenging due to the large number of design possibilities that exist and the tight interrelation among many of the design choices.
It is also difficult to ascertain a priori how changes in the system-level specifications will affect the cost, weight, and volume of an optimized converter.
In this paper we investigate the computer-aided optimization of power converters for dual-voltage automotive electrical systems. A new Computer-Aided Design (CAD) optimization approach is introduced which allows the design space to be rapidly explored in an automated fashion and the most optimal designs and design approaches to be identified. It also allows the effects of variations in the design specifications on the cost, weight, and volume of an optimized converter to be readily determined, an attribute of particular value to the electrical system designer. Section II of the paper reviews some of the existing work on computeraided optimization of power electronics. Section 111 introduces the approach, describes the structure of a new optimization tool that implements it, and details some of its key elements. Experimental validation of some important models and outputs of the program are also presented. Results demonstrating the use of the new optimization approach are described in Section IV.
These include comparison of a computer-optimized design to a conventional design, and illustration of the use of the program to identify both trends in the design space and the effects of variations in the design specification. Finally, Section V draws conclusions and presents an overall evaluation of the approach.
II. OPTIMIZATION BACKGROUND
There has been some previous work on computeraided optimization of power electronics. In However, for a CAD optimization tool to be useful across a large design space and to address component implementation, user interface and data management issues become very important. It is the authors' belief that these issues need to be addressed in a fully functional optimization tool.
HI. A NEW OPTIMIZATION TOOL

A. Optimization approach
To address the challenge of optimizing converters for the automotive application, we have developed a CAD optimization tool that is fundamentally different from those developed previously. The optimization program explores the converter design space to identify the converter design or set of designs that best minimizes an objective function that is a weighted sum of component volume, weight, and cost.
To perform an optimization run, the design specifications must fist be set, including the power Each converter is designed with specific components of known cost, weight, volume, and operating characteristics. Detailed models are used to accurately predict the system behavior with these components.
The output of the program thus consists of converter designs that are composed of available components and have well-defined performance characteristics. After the program designs a large number of converters across the possible design space, the results can be analyzed to determine which converter designs are the most desirable.
B. Program Structure
The converter specifications and design variables presently incorporated in the optimization program are those considered appropriate for the automotive power conversion application. For example, only converter topologies and components suitable for this application are included. Nevertheless, the optimization program is object-oriented, and its structure is quite general, so the code itself can be readily modified to admit a wide variety of other specifications and design variables, and can easily be adapted to other applications.
The optimization program consists of five main elements, as illustrated in Fig. 2 . These elements are the control loop, the design algorithm, the device models, the database, and the user interface. The control loop is the element that guides the search of the filter design algorithm will attempt to design input and output filters that will meet the EMI specifications.
Thus, for each iteration of the outer control loop a power stage will be design and the inner loop will find input and output filters optimized for that power stage. Once a design is successfully completed, the program will calculate the total cost, weight and volume of the valid design and save this record in a database. This information can then be used to rank the design and after a thorough examination of the design space the most optimal converter can be found.
Converter Inductor
D. Subsystem Design Example
For every major component used in the The first step in the design to find the number of turns needed and the resulting flux density that will be induced in the core. If this flux density is high enough to saturate the core, the core is rejected as a candidate.
The next step is to determine the wire size. The turns of wire must fit within the window area of the core.
The program finds the largest diameter wire that will fit within the window area. The program verifies that this wire size will result in a maximum current density,
of less then 3000 Ncm2 in the wire. If not, the core is rejected as a candidate.
Because of the significant dc and ripple components in the current waveform, there will be significant winding and core losses. The winding loss for the inductor, including skin and proximity effect, is RiseRise-13.3 "C 13.7 "C 0-7803-5692-6/00/$10.00 (c) 2000 IEEE computed using the models developed in [8] .
To calculate core loss, the ac flux swing in the core is approximated as a sinusoid and the core loss is calculated using the models provided by
Based on the sum of winding and core losses, the centerpost temperature rise of the core can be estimated as the product of the power dissipation and the thermal resistance of the core. If the temperature rises above the maximum allowable temperature, the inductor design is rejected, otherwise the program accepts the design of the inductor.
E. Program Validation
In order for the optimization program to be useful for exploring the design space, it must be able to generate realistic converter designs and be able to accurately predict operating characteristics such as losses, I 11.9"C 1 12.3 "C I Table 1 Comparison of inductor core and heat sink temperature rises of an experimental prototype to those predicted by the optimization program. Values are for a specific converter operating at 500 W in 25 "C ambient temperature; predictions and measurements at rated power and ambient temperature (1000 W, 105 "C) would be higher.
accurately predict both the temperature rise and power loss for these elements.
w. RESULTS
The optimization program generates converter designs and ranks them based on a specified weighted sum of component cost, weight, and volume. The results can then be used to identify converter designs that best meet the specified objective function or to study trends within the design space. To illustrate the use of the program for these purposes, we consider example results for the volume optimization of dc/dc converters meeting the specification of Table 2 A prototype power converter meeting the specifications of Table 2 was designed and constructed.
The prototype converter, which was developed using a reasonable design approach but was not explicitly This type of result is difficult to obtain by conventional means, and is of particular value to the automotive electrical system designer who must trade converter size, weight, and cost against other system-level design considerations.
The computer-aided optimization approach is also useful for studying the sensitivity of the optimized converter design to changes in design specifications.
For example, the relationship between the volume of a volume-optimized converter and its power rating is dependent upon the ambient temperature specification of the converter. 
